Introduction
============

DNA damage can be induced by many factors, including mismatches during amplification, ultraviolet radiation, and chemical mutagens. Although endogenous DNA repair systems can repair the damages within a certain extent, the repair capability may be undermined by genetic variation in these systems. Even worse, the accumulation of errors can overwhelm the cell, resulting in permanent mutations in the gene and ultimately in the development of malignant tumors.[@B1] The 8-oxoguanine DNA glycosylase 1 (OGG1) gene, located on chromosome 3p26, plays a critical role in the base excision repair (BER) pathway.[@B2] The OGG1 promotes the hydroxylation of the glycosylic bond between the abnormal base and the sugar moiety, removing 8-oxoguanine from the oxidative lesion DNA, leaving a notch in the DNA strand, a so-called apurinic/apyrimidinic site, which could be subsequently filled by a normal base.[@B3], [@B4] The most studied OGG1 gene polymorphism located in exon 7 of this gene (rs1052133), an amino acid substitution from serine to cysteine at codon 326, has been proposed to modify OGG1 function and increase cancer susceptibility.[@B5], [@B6]

To date, though many studies have assessed the association between the OGG1 Ser326Cys polymorphism and cancer risk, there are still many inconsistencies among the findings from these studies. For this reason, we conducted a meta-analysis with 152 case-control studies to evaluate the linkage between this polymorphism and susceptibility for different types of cancer.[@B7]-[@B93]

Results
=======

Study Characteristics
---------------------

The database retrieval yielded 397 studies after duplicates were removed, of which 208 were irrelevant. The remaining 189 studies were further assessed, of which 37 were excluded (Figure [1](#F1){ref-type="fig"}). In total, 152 case-control studies involving 162 datasets were included in this meta-analysis. Table [S1](#SM0){ref-type="supplementary-material"} in the [supplementary materials](#SM0){ref-type="supplementary-material"} provides the basic characteristics of the included studies. The datasets from the included studies were composed of various ethnicities: 74 datasets of Asian descendants, 75 datasets of Caucasian descendants, 12 datasets of mixed descendants, and 1 dataset of African descendants. The pattern of genotype distributions of the control groups in 30 studies were not in agreement with HWE.

Quantitative synthesis
----------------------

The frequencies of the 326Cys allele in control groups showed a statistically significant difference among different ethnicities. The 326Cys allele proportion in Asian controls was remarkably higher than in Caucasian controls (52.32% vs. 23.17%, P \< 0.001). On the whole, the patients carried more SerCys or CysCys variant genotypes than controls in the dominant model comparison (OR = 1.053, 95%CI: 1.009\~1.099, P = 0.018, Table [1](#T1){ref-type="table"}), the recessive model comparison (OR = 1.108, 95%CI: 1.043\~1.178, P \< 0.001), the homozygote comparison (OR = 1.135, 95%CI: 1.055\~1.220, P \< 0.001), and additive model comparison (OR = 1.059, 95%CI: 1.024\~1.095, P \< 0.001).

Subgroup analyses
-----------------

As displayed in Table [1](#T1){ref-type="table"}, in the subset analysis by cancer type, we found that the association between OGG1 SerCys or CysCys polymorphism and cancer risk was not significantly different except for leukemia in the recessive model and additive model (P = 0.043 and P = 0.032, respectively). In the subset analysis stratified by ethnicity, the OGG1 variant genotypes were significantly associated with cancer susceptibility in Caucasian and Asian populations with the exception of Asian populations in the dominant model (OR = 1.060, 95%CI: 0.996\~1.129, P = 0.068). In the subset analysis stratified by source of control, the association between OGG1 variant genotypes and cancer risk showed a statistical significance among studies with controls from hospitals in each genetic model comparison but not for controls from the population. In the subset analysis according to sample size, there was an obvious correlation between the OGG1 variant genotypes and cancer risk among studies with a sample size of less than 500 participants in each genetic model (P\<0.05), but not for studies with a sample size larger than 500 participants in the dominant and additive models (P = 0.270 and P = 0.064, respectively). In addition, the subset analysis according to HWE revealed a statistically significant association between variant genotypes and cancer risk among studies in agreement with HWE, but not among studies not in agreement with HWE.

Test of heterogeneity
---------------------

Significant heterogeneity was found in the dominant model comparison (P = 0.018). In the subset analysis according to cancer type, significant heterogeneity was found in bladder cancer (P = 0.033), colorectal cancer (P\<0.001), head and neck cancer (P\<0.001), hepatocellular carcinoma (P = 0.002), leukemia (P = 0.005), lung cancer (P = 0.002), prostate cancer (P = 0.001), and other cancers (P = 0.018). We also found that there was significant heterogeneity in the subset analyses according to ethnicity, source of control, sample size, and HWE in dominant model comparisons (Supplementary Figures [S1](#SM0){ref-type="supplementary-material"}-S5). Similar heterogeneity was found in other genetic model comparisons.

Sensitivity analysis
--------------------

In the sensitivity analysis, the effect of each dataset on the merged OR value was detected by repeating the meta-analysis by the leave-one-out method. In subset analyses according to cancer types, ethnicity, source of control, and sample size, we found that the overall result remained stable for each subgroup after completing sensitivity analysis (data not shown).

Publication bias
----------------

The shape of Begg\'s funnel plot seemed asymmetrical based on the dominant model, indicating that there was an obvious publication bias among studies evaluating the linkage between OGG1 Ser326Cys polymorphism and cancer susceptibility (Figure [2](#F2){ref-type="fig"}). Egger\'s regression test also indicated the existence of publication bias among included studies (dominant model: P = 0.041; recessive model: P = 0.003; homozygote comparison: P = 0.003; additive model: P = 0.017).

Discussion
==========

The OGG1 gene encodes a repair enzyme for oxidative DNA damage.[@B2] Because of the critical role of OGG1 in base excision repair, the mutation in the OGG1 gene is considered to modify the susceptibility to cancer. In this meta-analysis, we obtained overall results similar to Wang et al. and Wei et al., respectively[@B94], [@B95] that the OGG1 variant genotypes might be a risk factor for developing malignant neoplasms.^164,\ 165^ However, the subgroup analyses according to cancer types, sample size, and source of controls did not support this conclusion.

In the subset analysis according to cancer types, there was no obvious correlation between variant genotypes and cancer risk except for leukemia. The positive association between Ser326Cys polymorphism and leukemia might be a result of the relatively small sample size of leukemia studies and should be verified by future studies.

The association between OGG1 variant genotypes and cancer susceptibility was not found in Asian and Caucasian populations, except for Asian populations in the dominant model (P = 0.068). This conclusion is different from the previous meta-analysis result by Wang et al. and Wei et al. The possible reason for this difference might be that we treated the mixed population (mainly composed of Caucasian and African populations) and the African population as an individual subgroup, which did not exhibit cancer susceptibility for Ser/Cys and Cys/Cys genotypes.

When stratified by the source of controls, significant cancer susceptibility was found among studies using the hospital patients as controls but not for studies using healthy populations as controls. Moreover, in the subset analysis according to sample size, a significant association was found only among studies with a sample size less than 500 participants and not among studies with more than 500 participants. The results suggest that the correlation between OGG1 variant genotypes and cancer susceptibility might be weaker than we expected. Therefore, more large-scale studies with appropriate control subjects and strict methodologies are needed to assess genetic variants and cancer risk.

There are several limitations of our meta-analysis that need to be stated. First, only studies published in the PubMed database and written in English were included in the meta-analysis. Second, inadequate data regarding the gene-environment and gene-gene interactions in included studies prevented us from understanding in depth the magnitude of the effect of the variant gene on cancer susceptibility. Third, the significant publication bias due to non-publication of negative results and variability in small sample size studies in our meta-analysis might have led to false conclusions.

In general, the overall results of this meta-analysis showed a positive association between OGG1 variant genotypes and cancer susceptibility. However, it is more likely a false conclusion because most subgroup analyses by cancer type failed to support it. Furthermore, studies with different sample sizes or sources of controls with inconsistent results further weakened the reliability of these conclusions. In the future, additional well-designed and large-scale studies with representative controls are required to assess the relationship between OGG1 Ser326Cys polymorphism and cancer risk in single ethnicity populations, and information about gene-gene and gene-environment interactions is also necessary.

Materials and methods
=====================

Literature search and selection criteria
----------------------------------------

We retrieved relevant articles from the PubMed database with the following search terms: \'8-oxoguanine DNA glycosylase / hOGG1 / OGG1 / OGG / Ser326Cys,\' \'SNP / polymorphism\' and \'carcinoma / cancer\' (the latest retrieval was updated on September 20, 2014). We also examined the references of all included articles and previously published meta-analysis for potentially relevant articles. In order to avoid republication or overlapping data, only recently published studies with larger number of subjects were selected for our meta-analysis.[@B96], [@B97] Studies conforming to the following criteria were included: (1) has a case-control design or nested case-control design; (2) provides an evaluation of the linkage between the OGG1 Ser326Cys polymorphism and cancer risk; (3) provides available genotype frequency; and (4) was published in English.

Data extraction and qualitative assessment
------------------------------------------

Data were extracted by using a pre-designed data extraction form including first author, year of publication, research design, country, ethnicity, genotyping method, and genotype frequency. We categorized subjects as Asians, Caucasians, and Africans according to their ethnic descent. If a group of subjects comprised two or more than two ethnic descents, the group was termed \'\'mixed ethnicity\'\'. Furthermore, if a study including subjects of different types of cancer or different ethnic groups, we treated each subgroup as an individual dataset (a total of 162 datasets from 152 articles). We evaluated the quality of included articles using the Newcastle-Ottawa quality assessment scale (NOS).[@B98] The data quality was quantitatively assessed based on a \'star system\' that ranged from 0 to 9, including three aspects: the selection, comparability, and outcome of interest. Articles with 7 points or above were considered as high quality. Two investigators independently (L.Q. and Y.L.) extracted the data and evaluated the quality of studies. Disagreements between them were resolved by discussions with other authors.

Statistical analysis
--------------------

We assessed the effect of OGG1 Ser326Cys polymorphism on cancer susceptibility using odds ratios (ORs) with 95% confidence intervals (CIs), with the following genetic models: dominant model, recessive model, homozygote comparison model, and additive model. Subset analysis was also carried out based on cancer types, ethnicity, and source of controls, sample size, and the Hardy-Weinberg equilibrium (HWE). Heterogeneity among the studies was determined by a Q test based on a chi-square test (P \< 0.10 was regarded as a significant difference).[@B99], [@B100] Considering the clinical heterogeneity among included studies, a random effect model using the DerSimonian and Laird method was used to merge the datasets.[@B101] Sensitivity analysis was performed to evaluate the reliability of the results. Funnel plots and Egger\'s test were adopted to detect potential publication bias. The statistical analysis was completed by using STATA 13.0 (Stata Corp, College Station, TX.). The scheme of the meta-analysis was in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement [@B102].
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###### 

Stratification analyses of the hOGG1 Ser326Cys polymorphism with regard to cancer susceptibility.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables           n     Dominant model\                 Recessive model\                Homozygote comparison\   Additive model\                                                                        
                            (SerCys&CysCys versus SerSer)   (CysCys versus SerSer&SerCys)   (CysCys versus SerSer)   (Cys allele versus Ser allele)                                                         
  ------------------- ----- ------------------------------- ------------------------------- ------------------------ -------------------------------- ---------------------- ------- ---------------------- -------
  Total               162   1.053 (1.009, 1.099)            0.018                           1.108 (1.043, 1.178)     0.001                            1.135 (1.055, 1.220)   0.001   1.059 (1.024, 1.095)   0.001

  Cancer types                                                                                                                                                                                              

  biliary tract       5     0.961 (0.776, 1.190)            0.717                           1.379 (0.920, 2.068)     0.120                            1.271 (0.867, 1.864)   0.219   1.064 (0.909, 1.245)   0.441

  bladder             12    0.994 (0.874, 1.131)            0.928                           1.102 (0.811, 1.497)     0.534                            1.140 (0.872, 1.491)   0.337   1.028 (0.920, 1.149)   0.628

  breast              16    1.006 (0.943, 1.072)            0.867                           1.078 (0.993, 1.171)     0.074                            1.080 (0.973, 1.198)   0.146   1.025 (0.974, 1.078)   0.347

  colorectal          18    1.144 (0.992, 1.318)            0.064                           1.142 (0.950, 1.373)     0.158                            1.242 (0.985, 1.566)   0.067   1.126 (1.008, 1.258)   0.035

  endometrial         5     1.270 (0.932, 1.732)            0.131                           1.079 (0.623, 1.870)     0.785                            1.132 (0.640, 2.004)   0.670   1.195 (0.918, 1.554)   0.185

  esophageal          7     0.998 (0.867, 1.149)            0.981                           1.146 (0.802, 1.637)     0.456                            1.122 (0.797, 1.581)   0.509   1.028 (0.915, 1.154)   0.642

  gastric             15    0.924 (0.799, 1.069)            0.290                           1.043 (0.813, 1.338)     0.740                            0.966 (0.754, 1.237)   0.782   0.984 (0.862, 1.125)   0.818

  head and neck       15    1.055 (0.870, 1.280)            0.584                           1.156 (0.907, 1.472)     0.241                            1.219 (0.869, 1.711)   0.251   1.060 (0.910, 1.234)   0.455

  hepatocellular      3     1.402 (0.756, 2.601)            0.283                           1.254 (0.572, 2.748)     0.572                            1.653 (0.581, 4.701)   0.346   1.186 (0.754, 1.865)   0.460

  leukemia            4     1.385 (0.917, 2.090)            0.121                           1.884 (1.021, 3.476)     0.043                            2.044 (0.926, 4.515)   0.077   1.444 (1.032, 2.021)   0.032

  lung                36    1.073 (0.984, 1.170)            0.110                           1.098 (0.983, 1.225)     0.097                            1.128 (0.989, 1.288)   0.074   1.064 (0.994, 1.139)   0.073

  pancreatic          4     1.084 (0.929, 1.265)            0.307                           0.880 (0.683, 1.133)     0.320                            0.876 (0.666, 1.151)   0.342   0.993 (0.889, 1.109)   0.899

  prostate            8     1.130 (0.891, 1.432)            0.315                           1.111 (0.666, 1.851)     0.687                            1.198 (0.669, 2.146)   0.543   1.119 (0.889, 1.408)   0.338

  others              14    0.973 (0.839, 1.128)            0.712                           1.131 (0.909, 1.407)     0.271                            1.132 (0.885, 1.447)   0.322   1.022 (0.913, 1.143)   0.710

  Ethnicities                                                                                                                                                                                               

  Asian               74    1.060 (0.996, 1.129)            0.068                           1.101 (1.023, 1.185)     0.010                            1.129 (1.032, 1.235)   0.008   1.057 (1.012, 1.105)   0.013

  Caucasian           75    1.075 (1.003, 1.153)            0.041                           1.221 (1.075, 1.388)     0.002                            1.257 (1.090, 1.450)   0.002   1.096 (1.030, 1.165)   0.004

  mixed               12    0.940 (0.875, 1.010)            0.090                           0.872 (0.740, 1.028)     0.102                            0.856 (0.719, 1.020)   0.082   0.938 (0.882, 0.998)   0.043

  African             1     1.280 (0.884, 1.852)            0.191                           0.823 (0.281, 2.404)     0.721                            0.891 (0.303, 2.619)   0.834   1.187 (0.859, 1.640)   0.300

  Source of control                                                                                                                                                                                         

  population          85    1.026 (0.968, 1.087)            0.389                           1.075 (0.995, 1.161)     0.067                            1.097 (0.996, 1.208)   0.061   1.035 (0.990, 1.083)   0.131

  hospital            75    1.087 (1.018, 1.161)            0.013                           1.152 (1.043, 1.272)     0.005                            1.186 (1.060, 1.327)   0.003   1.088 (1.032, 1.147)   0.002

  family              2     1.076 (0.879, 1.319)            0.476                           0.985 (0.645, 1.504)     0.945                            1.017 (0.655, 1.579)   0.941   1.050 (0.884, 1.246)   0.579

  Sample size                                                                                                                                                                                               

  large than 500      80    1.026 (0.980, 1.074)            0.270                           1.080 (1.014, 1.151)     0.017                            1.091 (1.007, 1.182)   0.033   1.035 (0.998, 1.073)   0.064

  less than 500       82    1.099 (1.005, 1.202)            0.039                           1.203 (1.046, 1.383)     0.010                            1.248 (1.073, 1.450)   0.004   1.104 (1.028, 1.186)   0.007

  HWE^c^                                                                                                                                                                                                    

  yes                 132   1.073 (1.025, 1.123)            0.002                           1.118 (1.053, 1.187)     0.000                            1.153 (1.074, 1.239)   0.000   1.070 (1.034, 1.109)   0.000

  no                  30    0.962 (0.857, 1.080)            0.513                           1.103 (0.886, 1.373)     0.380                            1.080 (0.842, 1.385)   0.544   1.002 (0.905, 1.108)   0.973
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note: ^a^ Random-effect model; ^b^ P value of effect for genetic variants; ^C^ Hardy-Weinberg equilibrium.
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